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Abslract

BLMA I3 a hurnan gene expressed preferentially in mature B lymphocytes as a 1.2 kb mANA, which
encodes a 184 amino scid peplide {BCMAR). The study of BCMA mANA expression, using human
matignant B cell fines characteristic of different stages of B lymphocyte differentiation,
demonstratad that the BCMA mRNA is absent in: the pro-B lymphecyte stage. itis expressed faintly
al the pre-B cell stage and its oxpression Increases with B lymphocyte maturation. Polyclonal
antibodies were used to shaw, by cellular fractionation and immunoprecipitation, that BCMAp is a
hon-gtycasylated integral membrane protein. Furthermore, BCHMAD inserts, in vliro, into canine
microsomes, a5 a type | integral membrane protein. Gell surface labellng showed that BCMAp is.
not expressed in the plasma membrane of mature B lymphocytes., Immunofivorescence studies
revenied thal BCMAP lies in a cap-iike struclure near the nucleus, that was identified as the Galgi
apparatus by co-lecaliration of BCMAp with CTR433, a marker of the medial eisternag of the Golgl
apparatus. Confocal scanning laser rnicroscupy of U266 plasma cells labeled with markers of

various Golgt apparatus subcompartments sirongly sugges
. of the Golgi apparatus, Thus, BCMAp is the first Golgl residant proteln with a tissue specificlly and

ts that BCMAp is located in the cis part .

);Jhnse expresston is linked to the stage o differentiation of B lymphoeytes. The localion of BCMAp
“fir the Golgi apparatus and its high expression in plasmocyles {secreting large amounts of 1g}
suggest that BCMApis Implicated In the intracellutar traffic of ig.

Introduction

Malecular analysis of translocations isd fo the discovery of
new genes which play a role in nosmal development and
dilerentialion tn a previous paper wa reported the molecular
analysis of a l(418){428:p13) translgcation, obsarved In a
humanT celllymphoma{1,2). The hreakpoints of both chromo-
some paniners invalved the HL-2 gene on chromosome 4 and
a new gene, termad BCM (referred to as BCMA, for B Cell
MAluralion, in the curren] paper), on chromosome band
16p13 1. Transcription resulied in a hybd IL-2-BCMA mANA

composed of the fist three exons of -2 fused to the
coding sequances of BOMA mANA. Nodharmn blot and RNase
prolection assay analysss showed that the BCMA gene is
narmally expressed as a 1.2 kb Wanscripl in human tissues
and cell ines exhibiling B lymphoid lealures {1,3). These dala
supparted a role for BCMA during B cell deveiopment and
eapecially during the final step ol B cali maturation. The
mucleotide sequence of BOMA cDNA, as well as the deduced
prolein sequence, have no significant hamolony with known
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sequences or molifs siored in data banks. Prolein aigorihm
analysis showed that the BCMA peplide conlained a cantral
24 amino acid hydrophobic segment in #n a-helix strushure,
suggesting thal BCMAp might be transmembrana, with hydro-
philic N- and C-terminals. 1he deduced protein sequence
absa indicated the presence of a polential N-glycosylation site
{Amn42} 2nd several potential phasphorvlation siles.

The differentiation ol hemaiopoigtic pregenitor cells along
fhe B pathway is marked at the molecular level by the
synthesis of chamasterstic cell surlace proteins {4), and by

the rearrangement of V, D and J glements of 1y genes pror

1o the exprassion of ig heavy chain {HC) and fight chain {LC)
genes (5). The degree ol resrrangement and expression of
the ig is used jo characierize sach slep In differentiation of
8 rells. Pro-B cels lack bath MC and LC protging, whils pre-
B cells praducs only cylaplasmic pHC (6). Foliowing LC gene
tearrangemeni and expression, Ihe pra-B cells are converied
inle B cells, which express jgM 8l their surdace. Further
maturation leads 1o lg-secraling plasma cells, which ate the
final stage in B cell diicrentiation. The description o the Ig
rearrangemant and expression cleatly explains the divassity
of antibody production, but il is not sufficient la explain the
whole process of B cefl maturation, The differentiatios of B
cells is rllected in changes in the merphology of the cells
themselves (altered size of the cef, development of the
endopiasmic relisulum and of he Golgi apparaus, alc.). QOur
present slate of knowledge does not allow us lo say whethar
or not these cellwlar changes are directly linked 10 the
phenomenan of Ig resrangement. The discovery and charac-
terization of new gencs thal are specifically involved in 8 cel
maturation, ke BCMAp, should help to provide a better
descriplion and understanding of this process.

This paper descibes the biochemical chamclerization of

. BOMAp using spetific polycional anlisera. BCMAp was found

1o be a non-glvcosylaled membrane-bound polypeplide.
Fluorestence microscepy and confocal scanning faser micro-
scopy {CSLM) were used 1o localize the BOMAD into the
Golgi apparaius.

Methods

Cell iines and lssugs

Human precursor B celf fines included RS4,11 {7). REH (8),
NALMS {9) and OBS (10,11) ¢l fines. Human mature B cell
lines included the BL31 Burkitt lymphoma B call ne (G.
Lennir, IARC. Lyon, France), the 167 Epstein-Ban virus-
ransiormed B lynphoblastoid cell fine {obtalnad lrom normal
calls in our laboratory), the Ight* Daudi B cell fing {12), the
3t RPMI 8226 (13} and the IgEA* U266 (14) cell lines
{Ametican Type Cullure Collection, Rockville, MD}. Human
lyrphoid precursar KM3 {15) and human mature T cell MOLT4
{16) cell ines were used as controls, Cells were cullured in
RPMI 1540 medium (Gibco/BAL, Paistey, UK) containing 10%
FCS {GibcofBRLY

Preparation of polfyclonal anti-BCMA anlisera

Polyclonal antisernsm to BCMA was obtained by mmmunizing
rabbits with glulathione-S-transterase {GST}-BCMA hybrid
proleins expressed In Escherichia coli GST fusions were

consiructed by inseriing the 732 bp Sspl-EcoRt iragment of
BCMA cDNA containing the entire coding sequence, excepl
for & DNA Iragment encoding the frs! 12 N-tarminal amino
acids, Into the plasmid pGEX-2T which had been digested
with SamHl, lreated with mung bean nuctenase to oblain blun!
ends and finally digested with EccRl. The comrect ligation and
indrame fusion of BUMA to GST In the resulling plasmid
pBEX-BCMA4 were tesled Dy sequencing. The GS1-BCMA

fusion protein was purified from £ coff BL21 bacteria con-

\aining pGEX-BCMA4 by affinity chromatography on a column
of glutathionz-Sepharose {Pharmacia, Uppsala, Sweden}
{17,18). Peak protein kactions, as judged by Axq were
pooled, dislyzed, concontraled under vacuum and stored
a1 -B0°C. The purity of the preparalions was lesled by PAGE.
Rabbits were injected subculaneously with 100 pg prolein
emulsitied In Freund's complete (first injection} and incomplete
{subsequent injections) adjuvani Rabbits were bied and
\he antisera were tosted by ELISA for their capatlly to
recognize BCMAR.

Alfinity purification of anti-BCMA anlibodies

Samples-of 100 pg of GST and of hybrid GST-BCMA wera
submitied 1o SDS-PAGE and wansferred lo two dilferent
nitroceldose dilters. The ritroceliuiose band confginng the
GST prolein was used 1o absorb the ant-GST antibodies
present into the ant-BCMA anlisera. Ani-BCMA specific
antihadies were oblzingd by affinity-purilying of the pre-
shsorbed antisera on the niroceluiose band containiag e
GST-BCMA protein (19,20, The puificd antibodies wara
conceniraied 10-fold, dialyzed apainst PBS and slored in
506% giycerol al -20°C.

fNase protection assay

Relevant cONA restriclion fragments were subcloned into
pGEM-Blue (Promega Biotech, Madison, Wi} plasmid vectar
(3}, [e-*P)LITP ANA probes wera synlhesized from lineasized
ONA templalas by SPG ANA polymerass {21) using the
Riboprobe [l system kit {Promega Bictech). Test RNAs (10
ug} were hybridized, at 56°C overnight, wilh tha radiciabeled
antisense RNA (3% 10° e.p.m.) denatured for § min a1 8¢°C
{22). The samples were thawed on ica, and digesled with
BNasa A (20 mg/ml) and RNase T1{0.7 Ujml), al 30°C for 45
min (22). The RNase was inactivated with SDS (0.6%) and
proteinase K (0.3 mg/mi). The samples wera then extracled,
ethanol precipitaled and analyzed by electrophoresis through
a 5% 'Hydrolink long ranger’ (LT, Bahes, France) potyacryl-
amide~7 M irea denalwing gel and auloradiography.

In vitry ranseription, translation and lranslocation

The BCMA cONA (the enbire coding sequence) was clonad
under the control of the SPS polymerase promoter in the
EccRl site of the pGEM-4 plasmid. The resulting plasmid
(pGEMBCMAS) was linearized with Hindlll and 4 pg of this
finerrized plasmid was iranscribed with SP6 BNA polymerase
wilh an i vito ranscription kit, The capped RNA tanscripls
were purified by phenob-chioroform exiraction foliowed by
elhanol precipitation and resuspendad in waler. Translation
in rabhil reticulocyte lysate was performed as suggesiad by
Ihe supplier in a standard volume of 50 W containing 4 pCi
[SSmethionine, in the absence or presenca of 2 pi of
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saning pancrealic MICFOsOMES. The reaglion was siopped by
incubation with coidl methionine and RNase A for 10 min {final
concentrations of 10 mM and 0.1 poimd respectively). The
plasmid and tho Kis used lor the lransialion expermenis
were purchased {rom Promega Biplech. Translation procucls
wese denatured by incubation for 4 min at 85°C in sample
buifer {25 mM Tris, pH 6 8. 1 mi EDITA, 5% giycerol, 1% §-
mercaploethanol, 4% 08 and 0.005% momaphenal bhug)
and anatyzed by SDS-PAGE on 12 5% polyacrylamide geis
{23), whizh were fixed, treated for fluorugraphy with Entensify
{Dupont de Nemours, Brussels, Belgium), dried and exposed
on Kodak XAR fim al -80°C When indicated, afer ranslation
and vansiocation microsomal vesicles were separated from
the supematant fraction by centrilugation at 12,000 g for 20
e, Aliquots of the resutling supematant and a! the membrana
pellet resuspendad in waler were denatured in sampia buller
und directly analyzed by SDS-PAGE, or tha membrane peliel
was jurther swtracted by carbonate and trealed by Endo H.

} Nwhonate extraciion, Since biological membranes aré dis-

v gpted into apen sheels undsr stiong akaline contiions and
are stripped of peripheral proteins (24), carponate extracion
was performed in order to separate perphesal from inlegral
membrane proteins. Aliquols of the membeane pelial wers
dilutest in 0.1 M scdium carbonate, pH 1.5, incubated on
ice far 30 min in the presence ¢f prolease inhibitors (10 pg/
mi Jeupeptin and pepsiati, 1 pofml sprotinin and 1 m
EDTA) and sedimented for 20 min al 2x105 g. The resuliing
supernalant was praclpitated with 10% TCA. ‘The TCA pellet

and 1he carbonata pafiet were suspended in sample buer

and analyzed by SDS-PAGE.

Endoghicosidase irgaiment. In order to check tor prolein
giycosylation aliquots ol the membzane peliet resuspended
in waler were submilted fo 20-luid ditution in 2.1 M sodium
citrate, pH 5.5, plus 02% 503 and supplernented or not with
1 mU of EndoH (Boehiringer, Mannhaim, Germany]. Incubation
was performed for 3 b & 37°C in the prescnce of protesse
inhibitors {as indicated above). After addiion of a camier
protein, proleins were precipiiated with 10% TCA. The TCA
pahets were resuspended in sampta butter and analyzed by
Vibs-PAGE.

Immunoprecipitaiion of in vt translated BUMAD

Agpproximately 1-2 b ol plasmid {pGEMBCMAS) DNA were
wanscibed using a Promega siaullaneous in vitrp ranscrip-
tion and iranslation kit, which does not require prios fingar-
jzation of the plasmic DNA, Translation was performed in a
standard 30 i reaction containing 20 pCi [¥55]methionine
{Dupont de Nermpurs}, incubated lor 1 h &t 30°C. The transla-
tion mixture was denatured by heating for 5 min at g95°C in
sampiz buller and furher diluted 20-old with cold TNET
buffer (50 mM Tris-HCE, pH 7.4, 150 mM NaCl, 5 mM EDTA,
1% Triton X-100), supplementad with 2 m PMSF, set onice
for 30 min and centrifuged at 15,000 g for 20 min at 4°C. The
supermatant was cleared by incubating fur 1 h at 4°C with
pre-immune rabbil sesum {30 pi} and Protein A-agarose
beads. The resulling supematant was incubated with agarose
Protein A beads and rabhil anl-BCMA unpurilied serum {10
1} lor at least 2 h {10 overnight} &1 4°C and the beads were

BCMAp, a Golgi proisin of inajure B lymphocyles 1035

washed with TNET bulter four times. The immuneprecipitated
protsins were extracted with 20 1 2xsample bufler, heating
for 5 min at 95°C and analyzed by 505-PAGE on a 15%
gel {23). The melecular waight markers used were rainbow
rarkers {Amersham, UK). The gel was fixed and treated for
fluorography as described above.

In wvo radiolabeiing and inenunopiecipiiation of BCMAZ
Eor in vivo tadiolabeling experiments, celis were harvested
by centrifigation, resuspended in DMEM lacking methioning
and cysteine at @ conceniration of 108 celis/ml and incubaled
for 1 b at 37°C. Cells were labetad by adding 100 uCifml
Expres|®™5] (Dupent de Nemaurs) in the same butier and
Incubated at 37°C for 30 min. The labeled cells were har-
vested, wasned three mes wilh PBS {0.15 M NaCl, 0.04 M
sodium phosphate, pH 7.4) and then lysed by adding 2%
S0 in 50 mM Trs-HC! bufler, pH 6.8 {25 wf1CF celis) end
heating for 5 min at 85°C The equivalent of 2% 10° Iysed
colig was diuted o 1 ml with cold TNET bufler and proceeded
for immunoprecipltation and  SDS-PAGE analysis as
described above.

Celluiar fractionalion

Colls wera harvested by centifugalion at 800 gfor 30 min at
4°C, washed wilh cold PHS and resuspended at 2% 10 cells]
mil. Al the experimental manipulations were perlormed at 4°C.
Celis {2% 107 ware discupted by 20 strokes in a type 8 Dounce
hemogenizer, The nuclel were separated by centrifugation at
1000 g for & min and the supematan was centlifuged at 10°
g far 30 min in & TL.100 (Backman, Palo Allo, CA) centrifuge.
Tha resulling supernatant was lhe cytosolie fraction, while the
pellel was the crude membrane {raction. The crudc membrang
petiet was then trealed with 0.2 M sodium carbonate, pH
115, incubated lor 30 min on ice and centrifuged lor 30 min
81109 g. The resuiting new supernatant consisted of periphatal
memhbrane proteing, white the pellel represents \he integral
membrane proleing

N-glycanase lreatmenl. Aliquois of the mambrans peliel
{equivalent of 2x10° celks) resuspended in 50 mM Tris, pH
7.6, 2% SDS, were diuled four imes with appropriate buiter
1o & final concentralion of 50 mM Tiis, pH 7.6, 30 mh B

mercaptoethanol. 50 mM EDTA; 0.5% 80S, denaired by

boiling for 5 min and chiled. Nonidel P40 was added to a
final concentralion of 7.5%, followed by 03 unils of N-
glycanase {Genzyme, Cambridge, MA) plus 2 mM PMSF, and
the sample was incubaled ovemighl at 3r°C. A control
experiment without enzyme was Rin in pasaliel, BSA was
added as carrer (final concentration: 0.1%) and proieins
were precipitated with 0% TCA The TCA pelels were
rosuspended in 50 i of 50 mM Tris, pH 6.8, 2% 505 by
healing for 5 min at 95°C, then imsnoprecipitated and
gleckophoresed as described abovs.

HLA class | molecute and Ig % chain immunoprecipiation.
The supematant {igG2a) of the mouse hybridoma W&/32 cefl
line (25.26) was used 1o immunoprecipitate the HLA ¢lass i
molecule, present on U266 ceils. Human 1g & chains, pro-
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duced by the U266 cells, were immunoprecipilated using a
mouse monoclanat {IgG2ax) anti-human & chain antidody
(Piesce, Rockford, ).

Cell surfacs blolinylation and Western blat analysis

Colis ware surface jabeled using hictin Afler washes in cold
pBS, 5x 107 cells were labeled in 1 ml cold PBS containing
5mMNHS-LC-biotin [sulfosuccinimidyl-&-{biotinamido) Hexa-
noate; Pierce} for 1 1 at 4°C. Afler washing once with PBS
containing 1 mM glycine and then twice in PBS, the cells
were lysed in dysis bulfer. Cell lysales wara precleared wilh
Prolein A-Sepharose and subjecied 1o immunoprecipiiation
with the respeciive antibadies. After immunoprecipiiation and
S0S-PAGE, biclinylaled proleins were transferred onlo nitro-
cellulose membrane. The membrane was blocked with 5%
BSA in PBS containing 0.1% Twsan 20. Proteins were probed
for 1 h at room temperature with streptavidin-bictingated
horseradish peroxidase complex {Amarsham, UK) dilted 1/
3000 in PBS containing 1% BSA, 0.1% Tween 20, For delec-
lion, the ECL detection system {Amersham) was used.

Immunocylochemislry procadure

Cells were harvested by contrilugation, washed with PBS and
then placed on (50D cells/mm?) poly-i-iysine (Sigma} coatad
coverslips for 1 h. Bound cells ware fixed with 4% PFA in
PBS, pH 7.4, for 10 min, gquenched with 20 mbi glycine i
RS, washed three times with PBS and permeabilized Jor 30
min with 0.1% saponin (Sigma) In PBS containing 0.1% BSA
{Boehringer Mannheim). The cells were then incubated for 3
1 with appropriate primary anthodies in PBS containing 0.1%
saponin and 0.1% BSA, washed fwee times in the same
buffer, and incubated lor 30 min with the appropriate iabeled
anfi-ig antibedies diluted in the sams buffer. Finally, the cells
were rinsed three limes with PBS and mounted in a glycerolf
PaS sohution (Cilifuor, Loncdon, UK) containing, when neces-
sasy, 3 po/mi DAF! (a dye thal stains nuclel) (27). Brefetdin
A {2 pg/mi; Sigma) andjor Nocedazale (10 uM; Sigmaj were
added 1o the experiments Involving disruption of the Golgi
apparaius.

The following primary antibodies were used: affinity purified
fabbit anti-BCMAp, raised against purified recomhbinant
BCMAp (dilution: 1/10); mouse monoclunal {mAL36/118,
1g33) anti-human 1.4 f-galactosyliranslarase {GalT), a trans-
Golgi marker {28) {undiuled); mouse mAb (igG2a}, CTR433,
a marker of the cistemae of the medial compariment of the
Golgi apparatus {29), (1110} mouse monoclonal (G193, IgG1)
anti-human ERGIC-53, a protein present in the intermediate
coenpastment {30,31), (undikded). Primary aniibodies were
revesled using the loliowing secondary antibodies: sheep
fivorescein-conjugaled anli-mouse ig polyclonal antibody
(Amersham), donkey Texas Red-conjugeted  ant-rabbil
lg polyclonal anibedy (Amershum), The fiuorochiome-
conjugated antibodies were used &l a diution of 1HO0 A
Leitz Arisloplan mitroscope equipped wilh epifluciescence
oplics was usad to examing the multilabeled samples at X 100
magnilication {numerical apertura 1.32-0.6). Photographs
were taken on Kodak Ektachrome (400 ASA) fim.

Confocal micrescopy analysis

Observations ware made with 2n MRC-1000 {Blo-Rad,
Hercules, CA) confocal scanning laser microscope using the
Comos software package (Bio-Rad). Discrete photon counting
(32) provided a sharp picture of weak label, even with the
highest magnification {yielding 205 phelsfun) in {x, ¥. A
multipie-Jina argon-ion laser beam was operated a; full pawer
{25 mW) and atterualed with 1.0, 2.0 o 3.0 novyal dansily
fiters. The CSLM system was cperated in lluorescence mode
tor double-lluorescence erissiun with excitation at 514 nm
and afilter separator for fuarescein and thodaming emissions;
wo pholomullipliers were used In paralial Shnullaneous
taser confocal imaging with double Huorescence emlssion for
multiple labeling experimens is often hampered by contam-
ination affects (due to the overlap betwesn fluorescein and

. thodamine emission spectra), which were conecled by image

processing (33,24). The detection piahole was closed 1o 2
fninimum 1o give the nasrowest possible optical section. Qther
exparimental condilions included & 1.40 numerical apenurs
iens {Nion Apachromat, Tokyo, Japan} and 1.522 relraction
index immersion oil. A distance of 0.4 pm between confocal
planes while {z] stepping was chosen 1o anatyze the spatial
distibution of the markers throughous the Golg apparatus.
The gain and black level of he PMT were adjusied to oplimize
Ine images Raw confocal data was used to take photographs
with o Digiial Paiette Polaroia CI 3000 camera on Kodak
[t 100 fims.

Resulls

Expression of BCMA mRNA in human malignant B cell ines

BCMA mRNA is characteristic of the final step ol B cefl
difterentiation (1.3). We atlempted lo deline the mature B cell
ines with the highest content of BOMA mRNA o facElale the
study. The ANase protection assay was used io measure e
8CMA mMANA for wo reasons, First, as there 5 a natural
antisense BCMA ANA in B cell lines {3), we are obliged to
use a method of screening that discriminated betwaen e lwo
complementary RNA species, the BOMA and the anlisense
BCMA; and second, the small amount of BOMA mANA
requires a sensitive mathod like the RNase prolection assay,
in which the signal obtained is propostional to the amount o
specilic ANA present. For this purpose a Hincll BCMA ¢DNA

" restriction fragment containing the major pant of BCMA coding

ragion was subcloned in 8 Smal digested pGEM-Blue plasrid
vectar, This consiruction was then linearized by Ecofll and
ranseribed in vilio by bacteriophage SPE polymerase,
resulting in a 401 nuclectide lang ranscript. Protaction of this
warescript by BOMA mANA followed by RNast reatment gives
rise 1o 2 341 nuclgotide RNA fragmen!,

the resulls obtained using 10 ug of total RNA lrom sevesal
huan cell lings ae shown in Fig. 1. There & no BCMA
mRNA in the control mature T celling MOLT4. MOLT4 T cells
were thergfore used as negalive conlrols for BOCMA protein
thraughout this study. The lymphoid precursor cell ling KM3
and the pro-B cefi ine AS4;11 glso gave na signal. However,
there wete faint positive signals in ai three pre-B cell fines
lested, NALMS, JEA and 0BS, indicaling that the BCMA

I
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B mature
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Fig. 1. RNase prelection analysis of BCMA gene Iranscription. Total RNA (10 pg) was used for aach assay, RNA was extracled from the

follawing cell fnes: MOLT4 (maiwre T) (ane 1%, pretursor iymphoid {non-B, non-7) KM3 {lane 2); pro-B RS4, 11 [lane 3% pe-B, NALME flang
&), JEA (lane 5} and 085 {lane &); maiwa B, BL31 {iane 7}, Daud (ans ) and 167 (lanz 9); RPMI 8225 {lans 10 and U266 (fane 11} plasma
cell fines Yeast tANA (20 u lane 12) was used as negative tanirol, while BOGO c.pam of the 401 nuclestide long undigested probe was

presen in lane 13.

Fig. 2. pREMABCMA vector {1 ug) was vanscbed in vito and subsaquenlly Fansialed i vim with 3 rabbit reficulocyte lysate in the absence
{lzne a) or in the presence flans b) of caning pancreatic micmsomes The fraction ransiated i the prasence of microsomes was furthes
separated by ultracentilugalion in a soluble supematant {c) and the crugs mambrane pellet (d) The cruda marmbrane pellet was treated by
alkali and witracentrifuged #lo periphcral protein supematant (g) and imegrat protein peliet {(). The intzgeral protein fraction was sclubilzed
and trealsd with Endo H {g); A mock experiment without Endo H was elso periomed ).

gven more expressicn of BCMA mANA was oblained with
FINA Irom RPWMI 8226 and U266 myetoma {plasma cefl) sells.
The U266 coll fing, which had the highest expression of al

mANA Js expressed in these fines. There is a grealer mRNA
expression in the three malure B cell fines, BL31, Daudl
Burkitt lyrrrphoma and the 167 lymphoblastoid cadl fine, bt
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the celt lines lested, was Iherelore used lo characierize
and locale BCMAp These results confimred previous ones,
showing the absence af expression of BCMA mANA in the
stages of B ced differentiation preceding the pre-8 slep

BCMAp insens in vitro info microsomes a8 a ransmembranc
. giveoprolein

Hydropathy anatysis of he deduced sequence of the BCMAD
indicates that il lacks an N-terminal signal sequence o a
mitochondrial presequence. There is o single apolar pradicted
a-halical segment of 24 residues further inside the polypepiids
{Ireens residue 53 to 76) thal could e a poleniial transmem-
brane segmen!. BCMAD caries ong potential N-glyrosylation
site in the hydrophific N-terminus of the protein al residue
Asna2, Such a proein is fkely 10 be membrane bound.
Membrane-bound polypaptides destined 1o the endoplasmic
raticulurn {ER), the Golgi compariments, the plasma mem-
nrane, endosomes of lysosomes are initially inserled inta the
ER membrane before they ara sanad o thelr fnal destirations.
The initial stages of glycosylalion of secratary and membrane
peotging, when il takes place. ocours during their Insertion
into the EAL Core oligosaccharides (cemiaining 3Gle, BMan
and N-acelylglucesaming) are transfemed fram e lipid donor
1o accepior asparnging residuas on the nasuent polypeplide
chain just as W appears on tho lumanal side of the ER
membrane {35.36). isolated rough microsemes have bees
shown !0 be able of faithiully reproducing this first step of the
secratory pathway; they can promole processing, lransioce-
tion and giycosylalion of a number of secrefory and membrane
proteins in vilro.

To demonsirate Ihat the hydrophobic inlemal sequence of
BCMA could act a5 a signal anchot Sequence, largeling this
protein 1o the ER in vilm, we proceeded fo transcriplion
and translation of BCMA mANA i the presence of canine
pancreatic microsomes. A pGEM4 vector cartying BOMA
cDNA was tanseribed and Yranslated i vito with a rabbit
raticulocyle lysate system, n the presence of [*5Sjlabeted
methioning, The translated producl was mainly a 21 kDa
polypeplide {Fig. 2, fane a), whose malecular weight ls sirmifar
lo that predicled for the BCMA pralein (20,124 Da). The
addition of micresomes promoled a shilt of BCMAp In vito
producd from 21 kDa {Fig. 2, lane a)to 23 kDa {Fig. 2, lane
n}. This band of lower mobility fractionated enfirely with the
12,000 g paliel (Fg. 2, lane d), while ng material was found
in the 12,000 g supematant {Fig. 2, lana ¢) indlicaling that the
23 kDa species was associaled with the micrasomes. Upen
alkafine extraction all the 23 kDa peplide was recovered in
the membrang pellel {Fig. 2, iane f) showing that it was
enlimiy integrated into the ER mernbrane. To check for protein
glycosylation the 12,000 g paliet was further trealed by Endo
. Alter incubation in the presence of Endo H, the 235 kDa
species shifted back lo 21 kDa (Fig. 2. lans ), while the
controlincubalion did nol change the electrophoretic mobllity
(Fig. 2. fang h). Thus, BCMAp s glycosylated in vitro in the
presence of caniia microsoMmas.

These dala indiceled thal the hydrophobls imlernal
sequence of BCMAp acts as a signal anchol sequehce,
enabling the largating snd the insertion of this protein 10
the ER in viro Furtharmore, since the single potential M-
glycosylation site is in the N-lerminal pan of the maolecule,

il
o

Jirreiavant-

Fig. 3. pGEMIBCMA (1 pg) vector was rameried in vito and
subsecuently translgled in viro with a rabbit reticulocyls lysals,
The translation produets wers heal-denatured. immunoprecisilation
assays wete performed using a nordmmune nomal rabbil senurn
(b}, an inelevani polysicnal rabbd anfiserun (o), or a speciic anti-
BCMA polyclonal ranbit antisanan {d) The sluted imminopreciplated
material wes analyzed by SDS-PAGE on a 15% gel. Tolal in vt
rranslated BCMA products withotd immunoprecipliation wers also
run {a and @),

BCMAp appears s a iype | membrane protein {fumenal N-
terminal).

Expression of BOMAp in vivo 85 2 non-glycosylated integral
membrane prmiein in maturg 8 lymphocytes (U265 ceils}
Polycional antibedies to BCMAp fused to GST were rajsed in
rabbits. The in vitm translated BCMAp was used 1o assess
the spacificity of these polyclonal anibudies for BCMAR.
Neither the pre-immune rabbsit serum (Fig. 3b) nor anirrelevant
rabbit antiserum {Fig. 3c) precipitated any protein, but a 21
KDa peplide was immunoprecipilated with the anl-BUMA
antiserum {Fig. 3d). The lower molecular weight peplides in
ths transtation mixture {Fig. 3a and e) and in lhe specifically
imrunoprecipiiated products (Fig. 3d) were probably due o
abnommal transiation arests. Thus tha polyclonal rabbit anti-
BCMA antiserum immunoprecipitated the BCMAp produced
in vitro.

U256 B cells and conirot MOLT4 T cells were labeled
and solubfized under denaturlag conditions. Proieing were
immunopresipilated with rabbit polyclonat ant-BCMA anii-
serum The resulls (Fig. 4) clearly derhonstrate that a 23 kDa
peptids was immunoprecipitated from the U266 ryeloma cell
ling {Fig. 4b), which comains farge amounts of BCMA rmiINA,
bul not from the control MOLT4 T celt line {Fig, 4a), which
containg no BCMA mANA. These dala demonsbrale thal the
BCMAp 15 expressed in vivo by U266 cells.

L2 e
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:* hig. 4. Subcefiular loalizntion of BOMA protein. Cells ware Izbeled

o)

with [S]methioning for 1 h, washed snd the equivalent of 2xt0?
calis wefe denatured by healing at 85°C for 5 min in 50 50
mM Tis, pH 6.8, 2% SDS. ymmunopEaCipitaion was petlormed a5
destribed in Fig. 2. The resulls oblained using MOLT4 (a} and U266
{b) eells ara presented. Celutar fracticnation of U266 cells, U266 cell
pratgins wera =S-abelad ior 1 h, washed with cold PBS and cisnupted
in a Dounce homogeneizer. The nuclear {d) peliel was oblained by
camrhsgation a1 1000 g. Tha postauclear supematant was sepasated
into ensda cywoplasmic supernalant {&} and crude membrane peflel
{0 by ulracenthugation al 10° g for 1 h. The crude mermbrane pallet
was {urther freated wili0.2 Msodium carbanala, pri 11 s} separaled
by ultracentiilugation at 10° g for 1 h into peripheral membrane
prolein supematan! {q} and integral membrang protain pellet (R} Al
thase fmctions incuding a lolal protein fraction (¢) wesn tiissobed,
mmunoprecipitaled and slectrophoresed as described. Each lane
contgned the equivaient of preteins prapared from 2x 105 cells.

Call fractionalion experiments were perfarmed 1o lest the
membrane distribution of BOMAR in vive, U266 cells 5%
labeled) werz mechanically disrupled and fraclionated. Pro-
1eins in the factions collected were immunoprecipitated with

anli-BOMA antiserum and snalyzed by SDS-PAGE (Fig. 4).
“The 21 kDa peptide in the total extract (Fig, 4c) was abssnl
fram the nuclear pellet (Fig. 4d), the crude cytosolic supemal-
ant {Fig. de) and the peripheral membrane-hound prolein
supernatant (Flg. 4g). The BCMA polypeptide band was
present in the crude membrane (Fig. 4f) and the integral
membrane protein {Fig. 4h) pelflets. Hence, the BCMA gens
is expressed i U268 cells and gives.fise lo an integral
mgmbrane prolein in vivo,

Wa detarmined whether or nol BCMAp was N-giycosylated
i vivo by preparing a crude membrana Iraction of 5S-iabeled
1266 B tells and digesting it with the deglycosylating enzyma,
N-glycanase. The samples were immunoprecipitated wilh
ant-BOMA, anliserum and analyzed by SDS-PAGE (Fig. 5)
The molecuiar walght of the immunoprecipilated unireated
BCMAp {Fig. 5b) was not altarat by A-glycanase treaiment

{Fig. 5d), suggesling that BCMAR is not A-Giycosylaied invivo.

This was supperied by the fact that the in vita produced
unglycosylated BCMA peptide (Fig. Sa) has the same molecu-

BCMAp.'-a Golgi protein of mature B lymphocyies 099

Fig. &. 5Sabeled crude masmbrane protein lraclions of U266 calls
fequivalent ol 2105 calls) were used for deglycasylalion expermenls
s described in Methods), The sampies after deglycesylotion were
TCA-precipllated, tosuspendedin sample bulfer, immuneprecipitated
and elecirophoresed as described in Fig, 3. The mobiity of I vilo
wansiated SCMAp (a) was compased to that of BCMAp In e
untrealed crude membrans fraction (b), of mock ireated (N
glycanase) ¢} and ot M-glycanase bealed sarnple {d). N-glycanase
adlivity was checkad by immunopreciphallng, with We/32 ani-HLA
ciass | snliseum, Mglycanase trealesd () and unirealed (2) erude
mermbrane semles.

Fig. 6. U266 cells wete surfacedabeled with NHS-LC-biabn,
Dalergent extracts of the cells were divided in four fragtions end
each frackion was immunopreciphialetl. (8) AntHwrsan HUA lass |
mause (WE/32) monocional aalisenm; {b) anti-human 1y L fight
chain mouse moncclonal aniiserum: (o) ani-BCMA rabbil polycional
antlserumn; () nomnal rabbit sarum. Proleins were etaciopharased
on 15% polyacrylamide gef, ftanslersed ontn nitrocediuinse fiter and
visualized using an ECL detection k. M, markers are indicaled on
tha Ig sida of the figwre. The arrow at he right side of he figure
indicales the refative posilion of BCMAR.
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f3g. 7. U265 cells were labeled with [)methiorine for 1 h, washed
and the equivalent of 2105 cells was denalured by 5 min heating
a1 95°C in 50 pb of 50 mM Tris, pH 6.6, 2% SUS Immunopresipitation
was pesformed as described inFig. 3. The samples wete eluted under
nonvreducing (a) and reducing {b}conditions and eiecirophoresed as
previously descrided.

lar weight as the in vivo expressed BCMAD {Fig. 5b-d). Since
these results were in conkradiciian with the i vitro obtalned
data, Ihe activity of the N-glycanase was checkad by immung-
precipiiating the HLA class | molecules which are noemally
present in the plasta membranz of U266 cells, N-glyeznase-
reatad crude mersbrane fraction (Fig. 5f) comainad a 40 kDa
HLA class | peptide of lower molecular weighl compared with
Ihat {43 ¥Da} of untreated fraction {Fig. Se), Dilference in
giycosylation fate o a protein between resulls oblained by
celkfree fransialion and in vive expression has already been
reporied (37) and will ba discusserd later,

To investipale whether the inlegral membrane protein
BCMAp Is expressed or not on the cell surlace, we labeled
the U266 cell surface prateing using NHS-LO-biotin, Cell
lysates were coBiected and subjected 1o immunaprecipitation
with differen antibodies. Figure § shows that the WB/32 {anti-
HLA class I} and the mouse anti-human A Ig chain antibodies
used as controls pracipitate the HLA dimer (Fig. 8, lane a)
and the % chain {Fig. 6, lana b) respectively. Both struelures
are known 1o be expressed on the swface of L2656 celis No
SCMAD is datectad by adding speciiic polyclonal rabblt ant-
HCMA anlisenmn (Fig. 6, lane o). The two bands of 45 and
27 wDa present in Fig. Gflane c) are due 1o non-spegific
treaction with the excess of rabbit ig, as il is shown in
Fig. B{ians d), where immunoprecipilation occurred in the
presence of normal ron-imemuna rabbit antiserum. These data
indicate that BCMApR Is not expressed on the surfaca of he
U266 calls.

BCMAp does not form covalent hetero- andfor homopolymers
the deduced amino acld composition of BCMA peplide
conlaing 12 cysteine residues, which could form covalend
heleso- andfor homopolymers. The resulls shown in Fig. 4
indicale that the BCMA pepfide is nat Tinked covalenty by

disullide Bonds 10 any ather polypeptide (heterapolymer). it
cauld, however, form homopolymers, We therefore immuno-
pratipitated BCMAp, eluted it and subjecled i o electrophor-
esis under reducing (control} and noaJeducing candions
{Fig. 7). The BCMA peplide separaled under non-reducing
conditions (Fig. 7a) has an apparent molecular waight slightly
tower than thal oblained under reducing eanditions (Fig. 7i),
indicating thal BCMAp does nol lomn covalent helero- or
hormopolymers. The sane resulls were oblained [dawa not
shown) even after trealment with 10 mM iodoacetamide,
which irreversibly hlocks free thiol groups. This observation
inglicated that cysteines in BOMAp form intre-chain disulph-
ide bonds.

Immunofluorescence studies on the location of BCMAp

The biochemical data chigined validated the predictions of
algorithm analysis 1hat the BCMAp was an integral lransmem-
brang protein. Wa next axarmined the cellular localzation of
BCMAD with immunofluorescence sludies. Affinity puritied
anf-BCMAp antibodias do rot stain the surface of 266 cells,
confirming the tesulls oblained by chemical labeling of the
cat surface proteins. Affinity purified anti-BCMAp antibedies
were used to slain lormaldehyde treated U266 cells permaabi-
lized by sapanin The DAP dye slained a large rucleus {Fg.
Ba), while 2nt-BCMA antibadies recognized a found shaped
structore (Mg, 8b) close 1o the mrcleus [Fig. 8c). The shape
and the vicinlly to the nucieus suggested thal the BCMAp
was in tha Golgl apparatus. The location of BCMApD in the
Golgl eppasatus was indeed demonsirated by showing that
the strutture labeled by anti-BCMA antibodies colocalized
with a Golgt marker, a protein of the medial comparment,
recognized by the monoclonal CTR433 mouse anisarum (29).
Rabbit anli-BCMA anlibodies (Fig. Bb} stained the same
momphological suciure as did the mouse monockonal CTR433
[Fig. 8a). The two stainings overlapped; when a double
discriminaton filter was used {dala nol shuwnj, indicating
thal the BCMAR lies on the Golgi apparaius.

The tate of BCMA prolein in U266 cells reated with Brofeldin
A andfor Nocodazole was [oliowed 1o confirm the lncalization
of BCMAp in the Golgi apparatus. Brefeldin A-realed ceils
rapidiy lnse their Golgl as a distinct erganelie, and the Golgi
conlents and membranes are redistibuled in the ER (38).
This effecl is reversibie, because rermovel of Brefeldin A
results in the rapid sorting of Golgi componerds out of the ER
and reformation of the Galgi apparalus {31). U2GE cells were
treated with Brefoldin A lor 5, 10, 15, 30 or 90 min al 37°C,
fixad, pamnsabiized, and stalned for BGMA and CTR433

. anligen using indirect fmmunoliuorescence. To show the

reversibiity of Breleldin A agtion, U265 cells freated with
Birefeldin A for 90 min were incubated withou! Breteldin A for
a further 80 mén & 37°C, fixed and stained. The distributions
of BCMAp {Fig. 10, right paneis) and CTR433 antigen (Fig.
10, leHt pansals) were siikingly changed by incubation for 5
min with Brefeidin A. Incubation with Brefeldin A for 15 min
caused BCMAp and CTRA33 to be completely redistdbuted
in the cytoplasm. The two stalning pattems were aimosl
identical, with some small diferences alter dispersal of the
Golgi apparalus wiltkin the cytoplasm loliowing redistribufion
in the EX. Removal of Brefeldin A resulled in the reformation

e
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a b c

Fig. 8. Immunosyipchemical 1abeling of U265 calls with ani-BOMA sniiserum. 11265 cells were fixad with PFA, ctained with ani-BCMA
antlsarum, and visuallzed with # secondary Texas-Red-abeled anf-abblt antiserum. Tha prepatation was mounted in the presence of DAPI,
a nurlear stain. Color phatographs were laken with 3 DAPI-spacilic fiter (a), a Texas Red fier (b} and a double exposure wilh both the two

fllers {6). _ B

A B C

S5um

Fig. 12 U288 cells were Jixed with 4% formaldehyde, double-abeled with approprlate antibodies and analyzed by CSLM. Sequential
micrographs were token al 400 i intervals along the 2-ads at excitalion waveiengths ol 488 am lor FITC, 550 nm for Texas Red and 357 am
[or i?APi {barmier flt2r 400 am), The nucieus of the celis (in A and B) has been stained by incorporating DAPY In the ounting soiution, Ona
saction for each double-tabeling expedment is Shown. The results e Shown In false calars. (A) ERGIC-53, IC marke: {green), BCMAp {red)
ang DAPT (bluc) {5} GTRA33, medial GGolgi compartment marker (green), ECMAp {red) and DAPI {bhue). {C) Galt, vans Goigl compantment
marker {red) and BCMAp {grean).

of the Golgi apparatus (Fig. 10, bollom). Thars ware aiso inhibiling polymerization of tubulin monamears {39}, This results
some slight differences between the two staining pattems in fragrmentation of the Golgi apparatus il nuMEerous stuc-
Nocadazole disrupls the microubule stucture of cells by tures of varying sizes hat are distributed throughou! the
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Fig. 8. 1266 celts wera doublo-stained with the mouse monocionat
CIR433 antiserum, a marker of the Golgi apparatus and e ant-
BCMAp specific rabbit palycional anliserum. A FITS-conjugated ante
mouse 196 anliserumy was used 1 feveal CVR433 {a), while a
Texas-Red-conjugatett anthyabbil 196 anlisanmn was used 1o eveal
BCMAp (h). .

cyloplasm. U266 cells were treated with Nocodazolo for 5,
15, 30 and 60 min, fixed, and stained for BCMAD and CTR433
anligen. Disruption of the Golg! apparatus had begun by 5
min {Fig. 11) and confinued o increase up to 1 h, al which
time the Golgt apparatus was tolally disrupted, The CTR433
{Fig. 11, teft panef} and BCMAp [Fig. 11, right panel} stainings
wera almost identical, bul with sublle dillerences in the
distibvtion of tha two markers. Thess differences continued
even alter 0 min of Nocodazole treatment. Thus the immuno-
fluorescence data show that BCMAD Is located in the Gaoigi
apparatus, but that BCMAp end CTR433 may ba in diffarant
subcompartments of Iha Golgi apparatus.

Confocal microscopy: BCMAD fies neither in the ‘intermetiiala
sompartment’ (IC) nor in the irans compartment of the Golgi
apparalus

The Golgl apparatus is composed of & set of momphciegically

- and funclionally discrete compartments and it is omanized

Into three funclionally disting! regions, the cis-Grigl network
(CGN}, which has also been named the ‘salvage corrpartment’
and ths IC, the Golgi stack {containing topulogically separate
compartments, which seem to be thres, i 8. ¢fs, medial and
trans), and Ihe frans-Golgl network (TGN) (40-42) Immuno-
tytachemical Jabsiing followed by electron microscopy stud-
ies has always been used to incglize precisely a proleln in
one of thé’ difterent comiparments of the Golgi apparalus.

U266 cells
+BFA CT433 BCMA

0 mn

5 mn

10 mn

15 mn

30 ma

30 mn

Fig. 10. Disruplion of the Golgi apparatirs of U2BS celis with Braloldin
A. U266 cells were harvested, incubated for varous times with 2 ugl
ml of Brefeldn A and fixed with PFA. Alter 90 min of Broleidin
Ammzmmmmmmmmnmu
supplamanted with 10% FCS, ircubaled for 90 min at 37°C o theck
the reversibility of the Brefoitn A action and lxed with PEA, Thay
warg then doublo-stained with the CTR433 monoslonal and the ant-
BCMAp rabhit petyelonal antisera.

Our attemplts to use the alfinity puriiied palyclonal anti-BOMA
antibodies i electron micioscooy studies wese ensuccesiul,
The use of CSLM In doubledsbeling experiments of Golgl
comparimants wilh appropriate markers was an aliormative
way 1o answer the question of localization of BCMAp. This
technique has already permitied the observation, in the Goigi
appasalus, of two distingl or mixed staining paliems according
lo the relative posilions of the selected markers {43). Since
only taw antibodies raised agains| Golgi antigens are avaitabla
and many of them are species-speciiic, we selocted the most
convenient markers for goubledabeling experimants. We have
used three mouse mAb, which are well defined. CTR433
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U266 cells
+NDZ CT433 BCMA

0 mn

S mn

80 mn

Fig. ti. Disnption of the Golgh appamins of UZEE cells with
Nocadarmle, U266 cels wara incubaled with 10uM Nocodazoke, fied
atvarines imes, and double-stained with thi CTR433 monociona and
the ant-BCMAp rabhil polycional antisera,

{1gG2a) appears to labet the medial cislemae, staining an
unknown prolein (28}, the mADB/3EM18 (1gE3) ant-GalT anti-
bedy stains the fans companment of the Golgl apparatus
{28), while the maAh G1/93 (IgG1) antibody stains ERGIC-53,
a menbrane protein ol the ER-Golgi IC (30}, Unforiunately
we do not dispose of a well-defined mAb slaining the human
-tiscompanment of the Golgi apparatus. Inorder to investigats

hl._}se relative position of BCMAp to the intermediata compan-
"“ment and medialand lrans compartments of the Golgi appar-

alus, doubie-labeling experiments were parformed on U266
cells angd analyzed with CSLM. Twenly six 400" nm serial
seclions along the zaxis of a stained U266 cell werg analyzed,
ERGIC-53 showed a vesicular localization {green) dispersed
in e cytaplasm, white BOMAD was presen! on a conlinuous
structure {red) forming a cap 1o the nucleus {blue). The two
prateins do nol mainly co-itcalize in all seclions analyzed,
exgep! at a lew paoints {Fig. 12A). Furtherrnore a parfial co-
Incalizalion (yellow) of BCMAp {red) with the medial compart-
ment af the Golgl apparaius (green), defined by the labeling
wilh the CTR433 antibady, has been observed {Fig. 128). On
the conlrary no co-locafization of BCMAp {green) and GafT
{red} has been found, allowing the conclusion thal BCMApis
not located inla the frans compantment of 1ha Golgtk apparatus

" {Fig. 12C).
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Discussion

In pravious studies we have characterized e BCMA gena
(1.3} as a gene expressed preferentially in mature B cells. In
this sludy we show that BCMA mRNA expression conelates
with tha final steps of B cell diffzrentiation and that it is not
expressed before the pre-B stage. The BCMA gene has no
significant homelogy with known nucizdtide andly pmiein
sequences As il daes not contain any keown funclional moiif,
it was difficull 1o sugzest a role the BCMA gene/protein could
playin B cellmaluration. This work provides further information
on tha BCMA gene by studying iis expression as & prolein
{BCMAp). The biochemical characterization of the BCMAp
and its cellular localization should give some clues as 1o
its function,

And-BCMAp polycional antibodies used In immunoprecipi-
tation exparimenis showed that the expression of BCMAD
corelates wilh the expression of BCMA mANA: BLMAp is
produced in dilferentiated mature B cells, but rotin T calls.
Cell fractionation and carbonale Yeaiment foliowed by
immunoprecipliation showed that BCMAp Is an integral mem-
brang protein, as was suggested by the protein algorithm
gnalysis. i is iocalized neither in the nucleus, nor in the
piasma membrane, bt is located in the Golgl apparaius s
detailed later on.

The 184 residue BCMAp has a single predicted ransmam-
Brane segment {amino aclds 53~76) and could be oriented
in the Goigi membrang either as a type | {flumenal N-temninal
and cyloplasmic C-lemminal) or a5 a type Il {(lumenal C-
terminal and cyloplasmic N-terminal) membrane protein, The
ransmembrane orientation ol integral membrane proteing
foliowing the secratory pathway is defined deing their inser-
lion into the ER membrane. This process i8 thought to depend
upon the nature of the hydrophiic residues flanking an

hydrophobic segment  Combining the so-called ‘positive -

inside rule” {44) and the ‘net chargs diferance’ across the
ransmembrana ssgment {45) has been proposed 1o allow
predictionof the topology of membrane spanning of evkaryotic
proteins [46). The analysis of BCMAp sequenca according
to these ndes and using the TOP-PRED2Z program {46) cannot
daline lhe Yansmembrana 1opotogy of BCMAp wilh certainty.
Hawever, the highly dissymelric composition in chargad 1es-
idues of BCMAD {20% of residues of the hydrophiic C-
terminus are charged, i contrast to onky 7% in the hydrophiic
N-termtinus) would be indicative of 3 cyloplasmic arientation

. of the C-terminus of the proteln (46,47}

As N-glyzosylation oceurs only in the lumen of the ER {35,
36} and the only potential N-glycosylation site of the BCMAp
i5 in the N-lemminal part of the molecule, checking whather
BCMAp is glycosylaled appeared as an easy experimental
way to determing ils lopalogy. This was lested by iransiating
BCMA mfiNA in the presence ol canine pancreatic micro-
somnes, which [aithfully reproduce the inserfion and glycosyl-
ation of membrane proleins in their corec! orentation. BCMAp
was found lo be inserted in vitrointo the microsome metnbrane
as a lype | inlagral glycoprotein, as swongly suggested by
tha abundance of charged residuas in ils C-tamminus. Thus,
in vive cxpressed BOMAp is likely to be a type | membrang
protein. Surprisingly, BOMAp was found unglycosylated
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invivo, Consensus glycasylation siles, even lumenally localad,
are not always giycosylated. A survey of 115 human single
span type | membrane proleins indicated that the closes!
utilized consensus site is located 16 residues from the mem-
brang dormain {37). Experimenial data obtained from in vito
experiments suggested thal 8 minfmum spacing of 1415
esldues is necessary lor lhe ulilization of a consensus N-
gtycasylation site, which pracedes a ransmambrana segnant
{48). The polentia glycosylable Asr residua in BCMAD {res-
idue 42) is localed only 10 residues upstream from the
predicied lransmernbrane segment. This distance migh! be
too short to enable glycosylation in vive. In vitro glycosylation
on lumenal Asn rasidues that do not undergo in viv glycosy-
ation has been repored in several instances {37). Proiein
synthesis, lolding and glycosylation in virD ogeur al lawer
rates than in vivo, perhaps afiowing secondary glycosylation
events (36). it might also be noted that glycosylation occurs
praferentially on the consensus sile Asn-X-Thy, compared lo
Asn-X-Ser, as exhibiled by BOMAp (38).
Immunotkiorescance staining was used 1 investigate the
subcallblar localization of BCMAD. The anti-BCMA anlisera
slained a round complex struchure adjacent to the nucleus.
BCMAp co-locatized with the Golgi marker, stained by the
CTR433 anlibody (29), indicating that BCMAp fies in the Gelgi
apparalus. The staining chiained by the ant-BCMAD antisera
was dispersed in the ER of the cells by adding Breleldin A,
in the same way as did the staining obteined by CTR433.
Similar data were obtzined after lrealmen! with Nocodazola.
These observations further conforted the Gelgi localization of
BCMAR, Most of the Golgi proteins located In the compart
ments of the Golgi stack {cis, medial and trans) redistribute
1o ER (31,49), after treatment with Brefeldin A, which inhibils
the anterograde pathway from £R (o the Golgi apparatus
{31). The TGN is & Golgi compariment that fails 1o enter the

- ER after Brefeldin A treatment {80-52). The localization of the

BCMAR in the ER after addilion of Brefeldin A suggests that
BCMAp is net focated In the TGN. Finally pS58 (53} and p53
{ERGIC-53) (31), the two proteins characterislic of the IC, do
not modify Wheir localizafion since IC preserves iis Identity in
the presence of Brefeldin A In addition two recent papers
describing p210 (54} and gp74 (55), two proleing kcated in
the CGN [considered by the authors as a Golgi compartment
distinct of the iC), showed that p210 and gp74 redistribule
in the IC upon Brefeldin A treatment. Thus, it is more Tkely
that BCMAp is located in cne of the threg pans of the Geigi
stack (efs, medial or trans). o

As immung-electron microscopy experiments 1o localize
BCMAp wera unsuccesful for the moment, confocal micro-
scopy was uwsed o compare the relative localizations of
BCMaAp, ERGIC-53 (C), CIR433 (medial cistarnae of the
Galgi apparaius) and Galt {#rans compartment of the Golgi
apparatus). One obvious lmitation lor these experments
was the pauclty of accepled marker proleins for individuat
subcompartmenls, in particular for the entry face of the Golgi
stack, the cis pan. A second limitation of this work is the
interpretation of the resulls obtainad by CSIM. A fult separa-
tion, such as that sbiained betwoen BCMAp and Galt (Fig.
12C}, tan be saslly intorpreted. BOMAp and GaiT do not co-
locatize. A full separation has alse been observed batwean
ERGIC-53 and BCMAp, indicaling Ihat they do not co-localize.

On the conlrary lhe partial overlap of lhe paltemns oblained
by ant-BCMAp and CTR433 anlibodies raises the probiem
of the origin of this overlap. Such an overlap is difficult 1o
anglyze even under well-defined oversampling conditions
bacause of the size of the Golgi companments, which are
close to the resolulicn of the CSLM (43). Finally, the conlpcal
micrescopy results indicate thal BCMApD is not located in the
frans, butit may fie eiller in the cisor the medialcompartiments
of the Goly apparatus. Thesa fesulls have to be confirmed
by eleciron microscopy experiments, We are now developing
new polyclonal and monotlonal antbodies lo be used. Inany
way, all the Golg! resident proleing, described 1o date, seam
1o be expressed in all cells. Our previous results (1,3}, which
showed a prelerential expression of BCMA in B mature cells,
indicale that BCMAp is the first Golgi-resident prolein with a
tissua specilicity.

There is sirong evidence that the Golgi system plays a
pivolal role in the postdranstational modiication and distribu-
tian of proleins co-translationally sortad in the EA (i.e. secret-
ory, plasma membrans, lysosomal, Goigi and viral proleing)
or inlematized by endocylosis {plasma membrane proteins
and Hgands, organglie proleins transiting through the plasma
membrane} (42,56). These functions are pardormed by the
stack of Golgi eistemae and the TGN. Enzymes hat are
asymmetrically distributed through the cisletnae introduce a
variely of postransiational modifications {i'e. giycosylation,
sultation, acylation, proleaiytic digestion) in newly-synihesized
proteins and profeins inlemalized by endocytosls. The cis
side of the Golgi stack recelves newly synthesized malterial
from the ER. In addilicn 1o serving as a site of entry inlo the
Golgi, recent evidence suggests that the CGN is involved in
ihe recycling of protein and fipld components back to the ER,
whils having a relatively limiled role in glycosylation. The ois
Golgi stack has no specific role as yel Matire B lymphocyles
have.wo main furclions, the production ang secretion of Ig,
and a second one, the preseniafion of antigens to CD4* T
cells via tha class I HLA molecules tocaled on B cell surface.

The lozalization of the BCMA proteinin the Golgl apparatus
of mature B cells therelore suggests threa possible funclions
for the BCMAD. First, il might play a role In antigen processing
and presentation by the HLA class It motecules. Secondly, it
could bs implicaled in the intraceliular iraffic and/or post-
translational madifications of Ig. Finally, il migh ba finked 1o
an a3 yel unknown function of mature B calls. The first function
of participation in the associalion of HLA class 1l molecules
with the processed anligen or pemmitiing the flow of the
afteady formed molecules through the Golgi is inconsisient
with the fact that there are farge amounts of BCMAp In plasma
cells, which carry $ttle or no HLA class il moleculas (4). The
second funclion, which assumes a specifically expressed
prolein (BCMAR) only for the 1g post-ransiational changes,
is conlradicted by the facl thal the Ig do not need any special
modileatlon, which distinguishes them from other proteins.
However, it is possible that BCMAp could ba pant of a protein
complex which facillates the secrefion of the Ig. This is
consisten! with the high concentration of BCMAp in plasma
cells producing and secrating large amounts of 1g. However,
It is 2ways possibie that BCMAp pariicipates In anothar, as
yet unknown, function of B lymphocytes. We are now lesling
the abave hypotheses.
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